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Abstract

Grassland degradation has been deteriorating while the demands for meat products have been surging in China
over the past few decades, leading to multiple policy initiatives to balance the grassland ecosystem and
livestock production of the pastoral areas. This paper investigates the impacts of a prevailing ecoenvironmental program, i.e. Subsidy and Incentive System for Grassland Conservation (SISGC), in the
pastoral areas of Inner Mongolia, on grassland condition and livestock production. The Normalized Difference
Vegetation Index (NDVI), measured with remote sensing technology, is used to quantify grassland condition.
Our empirical analysis was based on the data of 52 counties across a 15-year timespan covering 10 years before
the introduction of SISGC and 5 years after its implementation. Simultaneous equation models are employed
to study the mutual relationship between grassland condition and livestock production. The results suggest that
the SISGC has significantly improved grassland condition. The total livestock population, especially the sheep
population, has decreased due to SISGC, but the large animal population has not been impacted. On the other
hand, growing meat prices (market demands) have resulted in an increase in the population of sheep, large
animals, and total livestock. Implications are that the SISGC has been successful in preventing grassland
degradation by controlling the increase in livestock population of the pastoral areas. Other policy initiatives
need to consider how to prevent grassland degradation not only by controlling the livestock population given
the soaring meat demand by the Chinese population and to address the high level of poverty among pastoralists.
Introduction
With growing attention being paid to improving grassland ecosystems, various environmental policies and
programs have been introduced in China. These policy interventions have been mainly targeted at grassland
conservation by sowing grass and especially by reducing the livestock population of the pastoral areas since
overgrazing is widely believed to be a main cause of grassland degradation (Suttie et al., 2005; Ge et al., 2015;
Miao et al., 2015). For the latter, several eco-environmental programs have targeted pastoralists in the pastoral
areas to reduce the population of their grazing livestock and raise animals in captivity instead of pastoral
grazing (Hua and Squires, 2015; Ministry of Agriculture of China, 2016). Moreover, because degraded
grassland becomes unfit for grazing, livestock production relies increasingly on crop stalks, bran, and other
byproducts of grain which are more readily available in the crop areas (FAO, 2015). The Chinese central
government has therefore also called for the relocation of cattle and sheep production from the traditional
grazing regions to the grain-producing provinces since the 1990s, a strategy which was strengthened after a
series of environmental disasters in the 2000s. What followed has been a steady increase in the total livestock
outputs in China but a decrease in the share of livestock production from the pastoral areas (Li, 2009).
However, the implementation of eco-environmental programs and the reallocation of livestock production
have hampered the livelihoods of traditional pastoralists who depend on grazing in the pastoral areas.
Pastoralists might suffer from economic losses when receiving little or no compensation for reducing their
grazing livestock, which in turn impedes the implementation of these restrictions by pastoralists (Liu, 2017;
Dai and Tan, 2018).
Have the eco-environmental policies (like SISGC) been effective in grassland conservation? And have they
affected livestock production in the pastoral areas? These questions have especially concerned academic
circles and governments. Government reports show that SISGC has contributed to grassland restoration and
reduction of the grazing livestock population (Ministry of Agriculture of China, 2012, 2013, 2014, 2015,
2016), but some field surveys by academics show continued overgrazing (Yin et al., 2019) and grassland
degradation in some pastoral areas (e.g. Dai and Tan, 2018). These inconsistent conclusions regarding the
impact of China’s environmental policies could to some extent be explained by the differences in the research
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areas studied and methods used. For instance, many researchers based their conclusions on surveys of smallscale areas, and surveys of a larger scale and with long-term observations are generally lacking (Li and Zhang,
2009; Ho and Azadi, 2010). This may lead to findings that are potentially biased, especially when a survey
was only conducted on grasslands with severe degradation. On the other hand, the government reports are
mostly only based on superficial observation and calculation, which cannot disentangle the impacts of other
important factors on grassland condition and livestock production, such as climate factors, market prices,
agricultural activities and so forth. A recent study by Yin et al. (2019) has found empirically that grazing
intensity has significantly increased four years after the initialization of the program, based on a survey of 726
herder households from Inner Mongolia. However, they have not investigated the impact of the program on
grassland quality. To address these shortcomings, we employ a large panel dataset which covers the whole
pastoral area of Inner Mongolia and spans 15 years. Most importantly, a simultaneous equation model is used
to study the interaction between grasslands and livestock while controlling for factors such as climate, meat
prices and agricultural activities.
Methods and Study Site
Figure 1 illustrates the location of Inner Mongolia and our sample counties for this study. The sample counties
include the whole pastoral area of Inner Mongolia, except for two semi-pastoral counties (i.e. Keerqin District
and Arun Banner) because of missing data. As such, 52 counties were retained for the empirical analysis,
which account for 69% of the natural grasslands of Inner Mongolia.

Source: Authors’ compilation based on the NDVI measured by remote sensing technology.
Figure 1. Locations of Inner Mongolia and the sample counties
The research objective is to estimate the impacts of the eco-environmental policy on grassland degradation
and livestock production. Simultaneous equation modelling is used considering the bidirectional relationship
between grassland condition and livestock production. This allows us to control for unobserved heterogeneity
while dealing with simultaneity (Alam and Mamun, 2016). The model is an equation-by-equation technique,
where the endogenous regressors on the right-hand side of one equation are instrumented by regressors from
the other equation (Bakhsh et al., 2017). The main advantage of the simultaneous estimation of multiple
equations is that it is more efficient than a separate estimation of the equations, because it allows the errors
terms of multiple equations to be correlated (Bakhsh et al., 2017). Referring to the existing literature (e.g. Li
and Zhang, 2009; Liu et al., 2017), grassland condition and livestock population are jointly determined as
follows:
𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 = 𝑓𝑓(𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴, 𝑋𝑋1 , ɛ)
, 𝑤𝑤ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝐸𝐸[ɛ, ω] ≠ 0
�
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = 𝑓𝑓(𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺, 𝑋𝑋2 , ω)

(1)

p. 3
where 𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 represents grassland condition, 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 indicates livestock production, and 𝑋𝑋1 and 𝑋𝑋2 represent
a vector of potential variables influencing grassland condition and livestock production, respectively. ɛ and ω
are i.i.d. error terms which are allowed to be correlated.
Results

Based on above data we collected, three-Stage Least Squares (3SLS) estimator is employed to simultaneously
estimate the system of equations 2.1. The results of the first stage of the 3SLS estimate confirm the validity of
the instruments (e.g. Guifu & Hamori, 2009; Wang et al., 2018). It displays the second-stage model results. In
all three models, the Breusch-Pagan test statistic is highly significant, indicating that there exists a
contemporaneous correlation between ɛ𝑖𝑖𝑖𝑖 and ω𝑖𝑖𝑖𝑖 (Bakhsh et al., 2017). In MODEL 1 (dependent variable:
𝑙𝑙𝑙𝑙𝑙𝑙 (𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖 ) and 𝑙𝑙𝑙𝑙𝑙𝑙 (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 )), the coefficient of 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 is significantly positive in the sub-equation of
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖 , which indicates that the implementation of SISGC has improved the grassland condition. Moreover,
the coefficient of 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 is significantly negative, which suggests that the grassland condition deteriorates
with the increase in sheep population. The coefficient of 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 is positive and significant, indicating that
grassland condition increases with the percentage of sowing area in total land area. The potential reason is that
crop production offers feed to livestock, which increases the likelihood of rearing animals in captivity instead
of purely relying on pastoral grazing. In the sub-equation of 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖𝑖𝑖 , the coefficient of 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 is
significantly negative, which indicates that the implementation of SISGC has reduced sheep population. The
coefficient of 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖 is significantly positive, which suggests that the sheep population increases with the
improvement of the grassland condition. The significant and positive coefficient of 𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖−1 demonstrates that
the sheep population rises with sheep price.

In MODEL 2 (dependent variable: log (𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖 ) and log (𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖 )), the coefficient of 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 is also
significantly positive in the sub-equation of 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖 , which is in line with MODEL 1. Moreover, the coefficient
of 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖 is significantly negative, which suggests that the grassland condition gets worse with the increase
in large animal population. 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 still presents a positive and significant influence on NDVI. In the subequation of 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖 , the coefficient of 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 is insignificant, which indicates that the implementation of
SISGC has not impacted the population of large animals. It should be noted that in some areas the grazing
quota for implementing SISGC faced by a household was based on the total number of sheep, regardless of
any other animals that the household may own. Next, the significantly positive coefficient of 𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖−2
demonstrates that an increased price of cows has resulted in a larger animal population.

In MODEL 3 (dependent variable: log (𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖 ) and log (𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖 )), the coefficient of 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 is
again significantly positive in the sub-equation of 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖 , confirming the conclusions in MODEL 1 and
MODEL 2. Moreover, the coefficient of 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖 is significantly negative, which suggests that grassland
condition worsens with the increase in total livestock population. 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 presents a positive and significant
influence on NDVI consistently. In the sub-equation of 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖𝑖𝑖 , the coefficient of 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖 is
significantly negative, which indicates that the implementation of SISGC has reduced the total livestock
population. The coefficient of 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖𝑖𝑖 is significantly positive, which shows that the sheep population
increases with the improvement of the grassland condition. The significantly positive coefficient of 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑖𝑖𝑖𝑖
demonstrates that the total livestock population rises with the increasing price of sheep and cows.

In summary, the results consistently show that the grassland condition has significantly improved following
the implementation of SISGC. Furthermore, the population of sheep and the total population of livestock have
been reduced, but the large animal population has been unchanged by SISGC. The increase in sowing area has
positive impacts on NDVI. Moreover, livestock price has significantly positive impacts on the population of
sheep and large animals and on the total population of livestock. It also shows that more sheep, large animals
and livestock would cause the grassland condition to deteriorate, while a better grassland condition increases
the sheep population and the total population of livestock. As a robustness check, the same models were
estimated by Two-Stage Least Squares (2SLS) (see Appendix A), which gave consistent results thus are not
discussed further.
Discussion [Conclusions/Implications]
How to alleviate grassland degradation while maintaining the rapidly surging demands for meat products in
China is of great interest to policy makers. This paper investigates the impacts of the Subsidy and Incentive
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System for Grassland Conservation (SISGC) on the grassland condition and livestock production in Inner
Mongolia, China. Grassland condition was quantified by the Normalized Difference Vegetation Index (NDVI)
by means of remote sensing technology. The livestock production was represented by the population of sheep,
large animals and the total population of livestock. A panel dataset was used where data of grassland condition
and livestock population were collected for 52 counties in Inner Mongolia over a 15-year period. The
implementation of SISGC was represented by a dummy variable. Other factors such as climatic conditions,
market prices, agricultural activities and the heterogeneity among counties were controlled for. Simultaneous
equation modelling was used to estimate the mutual relationship between grassland condition and livestock
production. This bridges the research gap in previous studies that have largely overlooked the mutual
relationship between grassland degradation and livestock production.
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